Lymphomas involving the mediastinum occur in a wide age range and represent heterogeneous histological subtypes with various clinical symptoms and complex radiological findings. However, studies that describe the clinical and radiological features of different subtypes among Chinese pediatric and adult patients are limited. We analyzed the clinical, radiological and pathological features of 31 pediatric lymphomas involving the mediastinum, and compared them to the features of 21 adult patients. Although several histological subtypes were identified in adults, pediatric patients presented with T-cell lymphoblastic lymphoma/T-cell acute lymphoblastic leukemia (T-LBL/T-ALL) and classical Hodgkin lymphomas (CHL) in 24 and 7 cases, respectively. Compared to adults, pediatric patients were more likely to be male (P = 0.089) and showed a higher incidence of T-LBL/T-ALL (P = 0.001), prevalence of dyspnea (P = 0.001), frequency of stage IV tumors (P = 0.008), and ratio of tumor diameter to maximum transthoracic diameter (P = 0.015). T-LBL/T-ALL patients presented with a higher frequency with stage IV disease (P = 0.000 and P = 0.001), compression of the blood vessels (P = 0.005 and P = 0.017), and pleural effusions (P = 0.001, for both) than CHL and PMBL patients. Compared to adults, pediatric patients with mediastinal lymphomas presented with exclusive histological subtypes of T-LBL/T-ALL and CHL, which showed distinctive characteristics of histological distribution, clinical presentation and radiological assessments.
Histological subtypes and age groups. The 52 patients, ranging from 4 to 64 years (median 13 years), were classified as 31 pediatric patients (from 4 to 18 years, median 8 years) and 21 adult patients (from 20 to 64 years, median 28 years). The pediatric patients presented with T-LBL/T-ALL and CHL in 24 and 7 cases, respectively. The adult patients presented with T-LBL/T-ALL, PMBL, CHL, DLBCL, and MALT lymphoma in 7, 6, 5, 2, and 1 cases, respectively. Pediatric patients had a significantly higher prevalence of T-LBL/T-ALL (24/31 and 77.4% vs. 7/21 and 33.3%; P = 0.001) and lower incidence of PMBL (0/31 and 0% vs. 6/21 and 28.6%; P = 0.003) than adult patients.
The ages of patients with T-LBL/T-ALL, CHL, and PMBL ranged from 4 to 54 years (median, 11 years), 4 to 34 years (median, 13.5 years), and 23 to 44 years (median, 27.5 years), respectively. The two DLBCL patients were 34 and 64 years old, and the MALT patient was 52 years old. T-LBL/T-ALL and CHL occurred in both pediatric and young adult patients, whereas PMBL exclusively occurred in young adults.
Gender tendencies and age groups. Pediatric patients were more likely to be male predilection with a M:F ratio of 22:9, as compared with adults of 10:11 (P = 0.089). Adult patients with T-LBL/T-ALL showed a male predominance with a M:F ratio of 6:1, compared to pediatric patients of 17:7. The tendency of male predominance in T-LBL/T-ALL patients seemed to be increased with age. Patients with PMBL and CHL presented with female predominance with the M:F ratios of 1:5 and 6:6 respectively. Patients with T-LBL/T-ALL showed a higher male predominance than patients with PMBL (P = 0.014).
Initial presentations and age groups. Five patients had been identified during physical examination without symptoms. Forty-seven patients exhibited various symptoms, including cough (30/52, 57.7%), chest pain (15/52, 28.8%), fever (16/52, 30 .8%), dyspnea (12/52, 23.1%), and neck enlargement (6/52, 11.5%). Cough was the most common symptom in T-LBL/T-ALL patients (22/31, 71.0%) and chest pain was often presented in PMBL patients (4/6, 66.7%). Pediatric patients showed higher frequency of dyspnea than adults (12/31 and 38.7% vs. 0/21 and 0%; P = 0.001).
Clinical stages and age groups. Stages I, II, III, and IV were present in 0 (0%), 4 (12.9%), 8 (25.8%), and 19 (61.3%) pediatric patients, respectively, as well as in 2 (9.5%), 9 (42.9%), 5 (23.8%), and 5 (23.8%) adult patients, respectively. Compared to adults, pediatric patients more frequently presented stage IV disease (19/31 and 61.3% vs. 5/21 and 23.8%; P = 0.008) and less frequently presented II disease (4/31 and 12.9% vs. 9/21 and 42.9%; P = 0.034). T-LBL/T-ALL patients presented higher frequency with stage IV disease than CHL (P = 0.000) and PMBL (P = 0.001) patients, and less frequency with stage II presentation than CHL (P = 0.001) and PMBL (P = 0.010) patients.
Clinical follow-up. Six pediatric patients with T-LBL/T-ALL died due to progression of the disease during the process of therapy, 22 patients were still under treatment, and the other 24 patients were followed up from 10 to 35 months (mean, 23.5 months).
Scientific RepoRts | 7: 2577 | DOI:10.1038/s41598-017-02720-1 T-LBL/T-ALL Y  N  N  N  C  896  III  PD/UT   2  5M  T-LBL/T-ALL Y  N  Y  N  N  563  IV  CR/UT   3  5/M  T-LBL/T-ALL Y  Y  N  Fever  C  NA  IV  DOD (6)   4  5/F  T-LBL/T-ALL Y  Y  N  N  N  766  III  CR/ Radiological assessments. Radiological data of 50 cases were available, including computed tomography (CT), fluorodeoxyglucose positron emission tomography-computed tomography (PET-CT), and magnetic resonance imaging (MRI) in 50, 21, and 1 cases, respectively. Radiological data of 35 cases were available at initial diagnosis, and the radiological features are summarized in Table 4 . The anterior or both the anterior and the superior mediastinum was the most common location of mediastinal lymphomas (31/35, 88.6%), followed by both the anterior and middle mediastinum (3/35, 8.6%), and the middle mediastinum (1/35, 2.8%).
The tumor diameters (TD) were variable, ranging from 3 to 14.8 cm (mean, 9.4 cm), with pediatric patient tumor masses ranging from 3 to 14.1 cm (mean, 9.5 cm) and adult patient tumor masses ranging from 3.8 to 14.8 cm (mean, 9.1 cm). Bulky masses were more frequently revealed in T-LBL/T-ALL (mean, 10.3 cm) than in CHL (mean, 7.8 cm) and PMBL (mean, 6.6 cm) cases. The ratios of TD to maximum transthoracic diameter (MTD) in patients with T-LBL/T-ALL were higher than those of PMBL patients (0.52 ± 0.15 vs. 0.28 ± 0.07; P = 0.004). The ratios of TD to MTD in pediatric patients were significantly higher than those of adult patients (0.52 ± 0.17 vs. 0.38 ± 0.14; P = 0.015).
As shown in Fig. 1 and Table 4 , tumor masses variably compressed or encased the blood vessels, pericardium, and trachea in 29 (29/35, 82.9%), 23 (23/35, 65.7%), and 19 (19/35, 54.3%) cases, respectively. T-LBL/T-ALL patients images exhibited greater tendency for compression of the blood vessels than CHL (P = 0.005) and PMBL (P = 0.017) patient.
Complications of lymphomas involving the mediastinum commonly included pleural effusion (23/35, 65.7%), pericardium effusion (14/35, 40.0%), and pneumonia (17/35, 48.6%). T-LBL/T-ALL patients presented with a higher frequency of pleural effusions than CHL and PMBL patients, (P = 0.001) for both, and pneumonia than PMBL patients (P = 0.041). Pediatric patients were likely higher prevalence of pleural effusion than adult patients (18/23 and 78.3% vs. 5/12 and 41.7%; P = 0.059). 
Discussion
Lymphomas involving the mediastinum occur in a wide age range and demonstrate various clinical symptoms and radiological findings. However, the clinicopathological and radiological differences between pediatric and adult patients have not been clearly defined in previous reports 1, 10 . As reported previously, each histological subtype exhibited distinct clinicopathological features [3] [4] [5] [6] 14 . However, comprehensive clinicopathological comparison among these subtypes is lacking in previous studies. In this study, pediatric patients exclusively presented with T-LBL/T-ALL and CHL, in contrast to adult patients, who presented with complex subtypes of T-LBL/T-ALL, CHL, PMBL, DLBCL, and MALT lymphomas. We further investigated the comparisons among different histological subtypes.
T-LBL/T-ALL is a highly aggressive neoplasm of lymphoblasts of T-cell origin. Due to the rapid growth of tumor cells, it is common for T-LBL/T-ALL patients to present with an advanced stage and unfavorable outcome as reported previously 15, 16 . In our results, T-LBL/T-ALL patients showed more frequent stage IV presentation than CHL and PMBL patients. Imaging of T-LBL/T-ALL patients commonly showed bulky masses, blood vessels compression, and pleural effusion.
PMBL is a common histological subtype in adult patients. PMBL patients are reported to have favorable clinical outcomes compared to patients with systemic DLBCL involving the mediastinum 17, 18 . In our study, PMBL occurred in young adults, who presented with a higher frequency of localized clinical stage than patients with T-LBL/T-ALL.
CHL occurs in both pediatric and adult patients 4 . As shown in our study, the most common histological subtype was NSCHL. Previous reports have shown that NSCHL generally presents with localized disease and a better prognosis than other subtypes of CHL 19 . Some patients have morphological features overlapping between NSCHL and PMBL, such as mediastinal gray-zone lymphoma, which makes pathological diagnoses challenging 20 . Our results showed that an immunohistochemical profile of positivity for CD15 and CD30 was helpful for the diagnosis of CHL. In addition, distinguishing PMBL from CHL could also be based on the value of CD23, which has been confirmed previously 21 . Thymic MALT lymphomas are quite rare and occur most frequently in Asian females from 40 to 60 years of age. They often show an indolent course and localized disease 22 . Thymic MALT lymphomas are distinct from MALT lymphomas of other sites in several ways, including gene abnormalities and geographic distribution 23 . In the current study, the MALT lymphoma patient was a 52-year-old female who presented with stage II. In our study, 2 cases of systemic DLBCL with secondary mediastinal involvement were identified. Despite the pathological similarities to PMBL, DLBCL exhibited more aggressive clinical features and a poor outcome.
Although the discrimination of histological subtypes of lymphomas may be the most important reason for the clinical and radiological features, age-related differences of tumor biology, host characteristics, or treatment protocols also contribute to different outcomes between pediatric and adult patients. For example, pediatric type follicular lymphoma is considered to be a separate entity which differs from usual adult follicular lymphoma in clinical and pathological features 24, 25 . Age is an important factor for lymphoma. Non-Hodgkin lymphoma (NHL) in pediatric patients present biological and epidemiological peculiarities that if better understood could help optimize their outcome. In order to investigate the influence of age on biology of lymphomas, we have compared pediatric and adult lymphomas in the same anatomic sties. As we reported recently, B-cell lymphomas involving the Waldeyer's ring had distinctive clinicopathological characteristics in pediatric patients compared to adult counterparts. A subset of cases belonged to the new entity of IRF4/MUM1 positive lymphoma 26, 27 . Of note, for appropriate management of pediatric and adult lymphomas, different staging systems have been used. The original Ann Arbor staging system 28 and the updated Lugano classification 29 were designed without input from the pediatric NHL disease entities. The Murphy Classification 30 and the revised Pediatric Non-Hodgkin Lymphoma Staging system (IPNHLSS)
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31 facilitated more precise staging for children and adolescents with NHL. However, few studies compared pediatric and adult patients with mediastinal NHL by the different staging systems. We assessed the clinical stages of pediatric and adult T-LBL/T-ALL patients using the revised IPNHLSS and the Lugano classification, respectively.
Despite of a population over 1300 million in China, to date, English information on mediastinal lymphomas of Chinese populations is limited. We described 52 cases of lymphomas involving the mediastinum, which exhibited a wide age range, heterogeneous histological subtypes, various clinical presentations and complex radiological manifestation. Compared to adult lymphomas, pediatric lymphomas presented distinctive histological subtypes, clinical behaviors, and radiological features. The limitation of this study is the relatively small number of cases, and further studies are needed for more detailed understanding. Accordingly, this is the first multidisciplinary English report comprehensively compared the differences between Chinese pediatric and adult patients with mediastinal lymphomas and may provide new insight into the understanding of mediastinal lymphoma using different staging systems. Statistical analysis. Statistical analyses were performed with SPSS version 17.0 software (SPSS Inc., Chicago, IL, USA). Chi-squared and Fisher's exact tests were used to determine correlation in the frequencies between groups. The TD to MTD were summarized using the mean and standard deviation. Two tailed independent samples t-test were used to assess statistical significance in comparisons between the pediatric and adult patients.
